tin, using a clinical isolate of Enterobacter cloacae as a test strain. Estimation of permeability was performed by a method utilizing the inhibitory activities of the cephalosporins against B -lactamase located in the periplasm . Of the cephalosporins tested, both ceftizoxime and cefmetazole gave remarkably high concentrations in the periplasm, several times higher than those of cefotaxime and cefoxitin and ten or more times higher than those of cefuroxime and cefotiam.
The approximate permeability coefficient of ceftizoxime was also several times higher than those of cefotiam and cefmetazole and over ten times higher than those of cefoxitin, cefuroxime and cefotaxime. 
Bacterial strains
The test strain used in the experiments on outer membrane permeability was Enterobacter cloacae No. 91 which was isolated in this laboratory from a clinical specimen. The 68 strains of E. cloacae used for antibiotic susceptibility testing were also clinical isolates.
Antibiotics
The antibiotics used were ceftizoxime (FK 749, Fujisawa Pharm. Co., Ltd., Osaka, Japan), cefo- Preparation of intact and sonicated cell suspensions The test strain was grown at 37°C for 20 hours in heart infusion broth (Difco, Detroit, U.S.A.), harvested by centrifugation for 10 minutes at 5,000 x g, washed once with 0.067 M potassium phosphate buffer (pH 7.0) containing 0.01 M MgC12_ and resuspended in the same ice-cold buffer to give an optical density of 9.0 at 320 nm. This preparation was used as the intact cell suspension. A part of this suspension was sonicated in an ice-water bath for 5 minutes at maximum power with an ultra sonic disruptor (Tomy Seiko Co., Ltd., Tokyo, Japan) and used as the sonicated cell suspension. The supernatant of the intact cell suspension was prepared by centrifugation for 10 minutes at 9,000 x g followed by filtration through a Millipore filter (HA, 0.45 um).
Preparation of B-lactamase
The test strain was grown at 37°C for 20 hours in heart infusion broth (Difco), harvested by centrifugation, washed once and resuspended in 0.067 M potassium phosphate buffer (pH 7.0). The cell suspension was sonicated for 5 minutes at maximum power and centrifuged for 1 hour at 10,000 x g. The resulting supernatant was applied to a Sephadex G 100 column and eluted with 0.067 M potassium phosphate buffer (pH 7.0). The enzyme fractions were pooled and stored at -20°C. This partially purified enzyme preparation was used to determine the kinetic parameters of the test cephalosporins.
Assay of B-lactamase activity B-Lactamase activity was determined by direct spectrophotometric assay using a Hitachi 200-20 spectrophotometer equipped with a thermostatted cell holder. The enzyme solution (0.1 ml; intact cells, sonicate, supernatant of cell suspension or purified preparation) was mixed in a 1-cm quartz cuvette with substrate and/or inhibitor and 200 umoles of phosphate buffer (pH 7.0) to a final volume of 3.0 ml and incubated at 37°C. Each component of the reaction mixture was preincubated in a water bath at 37°C. The velocity of hydrolysis of the B-lactam ring was followed by the change in absorption of cephalosporins at 260 or 320 nm.
Measurement of outer membrane permeability to cephalosporins
The concentration of cefotiam in the periplasm was determined according to the method of ZIM-MERMANN and ROSSELET4) since this cephalosporin was fairly susceptible to the B-lactamase of the test strain. In this method the B-lactam concentration in the periplasm (Sp) is calculated using the MICHAELIS-MENTEN equation rearranged as shown below. where So is a given substrate concentration outside the cells. The other cephalosporin concentrations in the periplasm were determined according to the method described in detail previously5). It depends on inhibition of the periplasmic B-lactamase activity for a substrate (cephaloridine was used in this study) by the test B-lactam.
An outline of the procedure is described below. First, the permeability coefficient of a substrate (Csub) was calculated as described above. Next, the concentration of a substrate in the periplasm (Sp') when cells were incubated with both substrate and test cephalosporin was calculated using the following equation. The values of Km, Ki and Vmax were determined experimentally using the sonicates as enzyme preparation while Sp' was obtained as described above. Accordingly, the concentration of a test cephalosporin in the periplasm (Ip) was calculated using equation D.
Antibiotic susceptibility testing
The minimal inhibitory concentrations (MIC) of test antibiotics were determined by the agar dilution method using Heart Infusion Agar (Difco)6). Undiluted or one hundred-fold dilutions of overnight culture in Trypticase Soy Broth (BBL, Cockeysville, U.S.A.) were inoculated with the use of the multipoint inoculator.
After incubation at 37°C for 20 hours, the lowest concentration that inhibited macroscopic colonial growth was regarded as the MIC.
Results and Discussion
The The periplasmic concentrations of ceftizoxime were 7.4 and 62 uM when cells were exposed to 10 and 100 uM of the antibiotic, respectively. These values were several times higher than those of eefotaxime and cefoxitin and ten or more times higher than those of cefuroxime and cefotiam.
The permeability coefficient (C) of a cephalosporin is expressed by the following equation. Table 2 , the approximate permeability coefficient of ceftizoxime was significantly superior to the permeability coefficients of the other cephalosporins. The permeability coefficient of ceftizoxime was several fold superior to those of cefotiam and cefinetazole, and tens or more fold superior to those of cefoxitin, cefuroxime and cefotaxime. The antibacterial activity of ceftizoxime against E. cloacae was the most potent of the cephalosporins tested as shown in Table 3 .
The results of this study indicate that the superior ability of ceftizoxime to penetrate the outer membrane partly contributes to its high antibacterial activity. 
